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Abbreviations: LPS ϭ lipopolysaccharide; MAPk ϭ mitogen-activated protein kinase; PMN ϭ polymorphonuclear leukocyte B acterial lipopolysaccharide (LPS) evokes several functional responses in the polymorphonuclear leukocyte (PMN) that contribute to innate immunity. While certain responses, such as adhesion and synthesis of tumor necrosis factor-␣, are inhibited by pretreatment with an inhibitor of p38 mitogen-activated protein kinase (MAPk), others, such as actin assembly, are unaffected. The aim of the present study was to investigate the changes in PMN gene transcription and protein expression following LPS exposure and their dependence on p38 MAPk signaling.
Human PMNs were isolated by discontinuous plasma Percoll gradient centrifugation and were incubated for 4 h at 37°C in media containing 1% heat-inactivated, plateletpoor plasma and 100 ng/mL Escherichia coli 0111:B4 LPS with or without the p38 MAPk inhibitor SB 203580. Messenger RNA was isolated and processed for oligonucleotide microarray analysis. Biotinylated complementary RNA was hybridized to chips (HuFL6800; Affymetrix; Santa Clara, CA), and the data were analyzed using software (GeneChip; Affymetrix). Control and LPSexposed PMNs were analyzed by two-dimensional polyacrylamide gel electrophoresis. Proteins of interest were identified by peptide mass fingerprinting involving in-gel tryptic digestion, matrix-assisted laser desorption ionization-time of flight mass spectrometry, and database searching.
Microarray analysis indicated the up-regulation of 134 distinct genes, including cytokines and chemokines, signaling molecules, and regulators of transcription. Proteomic analysis yielded a distinct list of up-regulated regulators of inflammation (eg, annexin III and leukocyte elastase inhibitor), signaling molecules (eg, phospho-stathmin and protein phosphatase 1, ␤-catalytic subunit), and structural proteins (eg, protein tyrosine kinase 9-like, nonmuscle myosin heavy chain and moesin). Pretreatment with SB 203580 attenuated several of these increases in gene and protein expression. Of 13 up-regulated proteins for which probes were present on the oligonucleotide microarray, two transcripts were up-regulated, five were unchanged, five were undetected, and one was down-regulated by microarray analysis. Of five down-regulated proteins, three transcripts were down-regulated, one was unchanged, and one was undetected by microarray analysis.
LPS stimulation alters the patterns of gene transcription and protein expression in the PMN. Poor concordance is seen between messenger RNA and protein changes in this system. Changes in gene transcription and protein expression are mediated, in part, by p38 MAPk signaling. interactions with other pulmonary cell populations modulate the activation patterns in neutrophils migrating to the lungs after endotoxemia.
Lipopolysaccharide-Induced Neutrophil Gene Expression
To study the effects of LPS on neutrophil activation in vivo, lung neutrophils were isolated from male Balb/c mice 1 h after LPS administration (1 mg/kg intraperitoneally). For in vitro studies, bone marrow neutrophils were isolated and stimulated with LPS (100 ng/mL) for 1 h. Mu11KsubA and Mu11KsubB chips were used to determine messenger RNA expression patterns after LPS exposure in vivo and in vitro.
In lung neutrophils, which were isolated from mice 1 h after endotoxin administration, there was a twofold or greater increase in 423 genes, and there were 401 genes that demonstrated twofold or greater decreases in expression. In contrast, after culturing neutrophils with LPS in vitro for 1 h, there were only eight genes that showed twofold or greater up-regulation and none that were down-regulated. All of the genes that showed increased expression in vitro were increased in vivo, but to a greater extent. Genes that were up-regulated in vitro and in vivo included both proinflammatory cytokines and mediators, as well as antiapoptotic proteins. Among the genes up-regulated in vitro and in vivo were the following: KC ([fold increase in vitro/in vivo] (6.7/79); tumor necrosis factor (5.1/28); serum amyloid A (4.55/25); prostaglandin synthase (3.8/57); A20 (3/ 111); glycoprotein ZP3 (3/92); putative ␤-chemokine receptor (2.9/171); and macrophage inflammatory protein-2 (2.6/124.4).
Patterns of gene expression in neutrophils are markedly different after in vitro and in vivo exposure to endotoxin. The present results show that whereas LPS alone can activate neutrophils, such LPS-induced activation is much greater in neutrophils accumulating in the lungs in vivo. Such results indicate that neutrophil activation patterns in response to LPS are modulated in vivo by the exposure to pulmonary cell populations and additional regulatory factors. Similarly, the in vivo responses of neutrophils to LPS are incompletely delineated by in vitro studies.
